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(54) CNOCOB N3rOTOBNAEHUR ro®PUPO-
BAHHOMO CTARLHOTO NAACTLIPR

(57) Cywoctu uaobperenun: tepmoobpsboTxy
ANACTHPA TOKAMU BHICOKON YaCTOTH OCYywiecT-
snsoY noche roppuposanni, 3 CMA3QUHLUN
N0l HBHOCAT NOBTOPHO NOCNE OXNIKAECHUR.
Npepnaraemud cnocob NO3BOARET 33 CHeT No-
BHWEHNA NAICTUUHBIX CBDACTB METaNNa Ha-
AEXHO  0BecneuuTs  repMeTnaIaunio
DEMOHTUDYEMAr0 YHacTKa craaxuntl. 1 1abn.

- VisoBGperenue oTHoCUTCH k 0fpaboTxe me-
Tanna RBBAGHWEM, B YaCTHOCTH K TEXHOROIWU
HUIFOTOBREHNA rOdPUPOBBHHLIX YPYD.

OCHOBHLIMY ONEPAYNURMK b TEXHOAOINYE-
CKOM npouecce n3IrOTOoBNCHNA TOHKOCTEHt16dX
ropprpoBannuix Tpy6 aentetrcs XONOAHaN AaAe-
¢opmaqnn..uanpuuep IonoueHire 1 NPOKITXa
1pyb. xumuseckag 05pabovka. YepMuueckas
06paboTKa IR CHATUR OCTATOMHHIX HANPANE-
Hnii, BOSHWKAIOWMX B peayasvare pedopma-
yw npo@'mupoaauun MEeTOROM HAKaTKN.

W3secten cnocob wuaroroanenus Tpyb c
NPOAOALHLIMU (ODP3MK NYTEM ABYXATANHOIY
GOPMOBaHUA TPYOL-38rOTOBKW, NPUUEM Na
nepeoM 3Tsne ee rodpUPyI0T panUansHEMU
yoUnusmu. 8 Ha BTOPOM 3TaN¢ 06XUMAIDT B
npo:bmmpoaanuoa ponroxe.

Oavaxo RO3Huxawwue 8 peynerare
CROMHOA ASPOPMAUNH OCTITOYHBIC HBAPHKE™
HUR HE ASI0T AOCTATOWHOW nonepedHoN NRoY-
HOCTU, M@TEAN CTIHOBMTCA XPynkuMm H

——

HENPUrOACH B KIUBCTBE ANSCTHIPAR NPW PEMON®
T8 06canHaR KONOHHL 8 CKBAXMHE.

JUIR CHATHR OCTATANHBIX HANPRXENUA TPY-
6w noABEPraldY TepMuueckon obpaborxe - 01~
xury 8 neuax Tuna NCO-06 wunn r20-09 m
nonywenua Ha TPybBax oxucnof nnenku. Bu”
aonHmoiueR GyRKUUU NOAMAIOUHONO NOKPLI-
sup n oGnapaoweR ROCT3TOUHOW
NOPUCTOCTLIO v 8ACOPGUMOHHON cnocobro-
CTLIO K CME3Ke,

fispecTed TawKe CNOCod, rnpn xOTOROM
YOHXOCTEHHKE NpodunbHue TPybu NPaBrT
PACTRXEGHUEM W PAINIHER C HITPEBOM HA 3nex-
TpaTepmuieckom 0BopyAoeaHuM. CHauana 3a-
rovosky TpybGe HBrpesany TOKAMn
CONPOTUBNEHUA RO TEMNePATYDu oTKMtad,
3TEM NOCNE OXNBKALHUR DEIRIWT NDU NOMO*
WV KORITHSCKON ONPABKU,

HapocvaTok cnocoba aakmoNaeTcr © ToM.
Y70 NoH HanoOWeHuH NNACcTHPA N3 HEOTOXKEer™
HEX TDYO “OXev apomcxoanvs p33pue A0
npodnanHOR DDP3JYIOUIEN. 8 NpK Hanoxenun
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3

NASCTHPA N3 OTOXMEHHLIX 1pyb ¢ nocneayio-
WuM rodpUpPOBAHNEM MOXKET RPONCXOANTE 06-
PA3083IHNE. MUKDOTPELNH BO 8N3AUMHAX N HI
SHCTYNAX NPOACALKEIX rOd P NPU AehOpMaUIU
ux RO UUNNHAPUIECKON GOPMEL, KOrA3 ee NA0T-
HO APYXMMAIOT (HAKaTWEAIOT) NOPHUPYIOWER
fONOBKOWM K BHYTPEHHEN NOBEPXHOCTV obcag-

HOA xONoHmH. B pedynttare ne obecnewusa- .

eYca HaAEXHOCTL repMervnaaunv ni-aa
HWIKOM RAABCTUMHOCTY METanna rodpupoean-
HONO NASCTHPA.

Uensio naobpeTennua AenreTca nosuiwe-
Hue HaQeKHOCTN repmeTu3aumu obcaxennon
CKBAXWHE RYTEM NOBHLLWEHAR NNICTUMHOCTY
MOTANNG NR3CTHPA.

CywHocTs w3oBperenna 3akniQ4aeTca 8
YoM, 470 TepMO0GPaBOTKY TOKAMU BEICOKOR 4a-
CTOTH OCYIMeCTBARIOY NoChe roGphposanna, 3

.32TEM NOBTOPHO HAHOCAT CMA304HLIR cnow,

B pe3aynanvaTe 3KaKONEepeMeHHsIX aedop-
Mauul, KOYOPHIM NOABEPTALTICA METINN3 Tpyb
npu rOdPrEOBaNMI KaK B ipouecce usroros”
NeHVR NRACYBIPEV. Tak U Nph P33payec e npo-
LECCe YCTAMOBKY B CKBAXWHAX, NPOUCXDANT
3HAYUTENEHOE YNPOHHEHWE MeTanna, npyuiem
Haubonslne 3HaueHnn ynpouresun npuxoa-
ATCA H3 BNAAVHL! rTOGPUPOBaAHHLIX TPYD.

Uamerenne Taepaoctv (Hy) cranu Mapku
10 npu TepMooOpaborke. rodpuposanin v
pazgave NN3CTHNA NOKAIIHO 8 tabnuue.

A3 YaBAnius BURHO. YTO TEEPAOCTL MeTan-
A2 NNACTHIPA NOCAE PA34akm B abcapHon Tpy-
6o, pocturaeT HaubonwLwux 3HIYEHUA, ecan
ANACTLIP L UATOTIBANBANCA 13 Hetepmoobpa-
GoTaHHo TPyBL. [py naraToBneHUU ANACTH"
pen U3 NpPeasapuTensLHo 1epMo0OpaboTaHHUX
kpytnsix TRYG npu roppuposanun 78€pAOCTH
MECKOAbLRO CHWKIETCA NO CPABMERNIO C KeTep-
mM0o0HpaboTaHruMuy 3aroToexamwh, HO nocne
Pa3A3Yy TBEPAOCTH BOIPACTIET NOUTU AD TO
x@ BENUUUHLL HT0 U Ges repmoob6paborku. Mo-
cne YepMuyeckon o5paborku roppupoBaHHLIX
Tpy6 C HArpesoM TOKaMK BHICOKO? YACTOTH
TBEPAOCTh UX CHUKIETCR 3HAUWTENLHO, 3 N0~
CNO PA3AAUN OHI MEHLWE, YeM Y neTepMoob-
paboTaHnLIX.

B ‘oTnuume 0T NEUYHOro unv ra3osoro Ha-
rpena npv 06paboTKe 33roToeKHM YOKaMK BHICO™
KOR 4ACIOTH NPOMCXOAUT HE3HaUnTEeNbHOS
uaMeneHue $opML €€ NPOPUARA, Ha NOBEPXHO-
¢ Tpy6u 06pa3yeTCca TONKNA CNOR OKaANHYL
KOTOPLIAHE OTCR3MBAETCA B Npouecce negop-
Mauwn — paspaun, CmasouHun CNOH RAHOCUT-
CA H3 BHYTDEHHIOI NOBEPXHOCTD
OTOXIKEHRHYX MPOACALHO-FOPPUPOBAHHBIX
vpy© nocne X OXNaXAEHWUR. Ux npenoxpanaer
BHYTPBHHIOW NOBEPXHOCTH OT KOPPOINIHHOTO

Pa3pywenua 8 NPOLECCE IKCANYITIUMM U CHA™ .

MEHHA OCEOLIN YCUAMA 8 NPOLLCCO DI3AaNM
nnacTuped. ’
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N pwwnep Ons pemonra 06caanon xo-
NOHHB ANAMETPOM 146 rm C TONUWUMHON CTEHKHK
8 MM NNACTLIPL N3TOTABANEIOT NI TOHKOCTEN-
noi Tpybut Avamerpom 130 MM € TONWUHOR
creHku 3 mm u3 cranu mapkm 10, lnuna 1pybu
9-11,5 m.

Ha eHYTPEHHIOI NOBEPXHOCTL TPYDU Ha-
HOCRT CNOH (PIGUTOBOR UAU APYrot CMA3KK.
APEAHA3HIUCHHON ANA CHUXENUR ycunun rod-
puposanuns. FoppuposaHue’ YUANHAPUNECKOR
TpyOst NPOM3BOART HA CNEUNANLHON YCTAHOB-
xe 4yepe3 PONVKOBYID FOROBKY C BHYTPEHHEN
npodunnHoR onpaskon. flonyvaevcn NPORONL-
HO-TOdPVPOBANHAR TpYDa C HapyXHuM Ana-
MeTpom 116 MM 1 uncnhom ropp 6 nnw 8. 3atem
NPOUIBOANTCA PUXTOBKS FOPPNPOBAHHON TPY-
6L nocne 0TPe3Kky B2 H3 3aA3HHYI0 ANUHY.

3ateM NPONIBOJNTEAR TEPMUUECKaR obpa-
foTea NPOROALHO-TOPPUPORAHHOA TPyYGul -~
HOPMaNW3auUUA ¢ HarpeBoM TOK3Mu ALICOKON
qacTovw Ha yctavoake BUT 30/6. fipw svom
NpoaoNsHO-roGPMPOBaHHAA vpyBa vcranae:
AMBBETCA FOPUIOHTANLHO HA PONUKOBLIX OMO-
pax ©n ¢ ONpPeAENerHHON CXOPOCTLID
NpoABUAraeTCca Yepes NHAYKTOP.

OxnaxaeHue Tpybu nNpou3soAMTCA H3
soaayxe. Cmaaka, koTopas Huna nanecena ne-
pea rodpuposarinem, sufopaer. :

Tak KaK 8 CKBXUHB nNpw ycTanoeke NA3-
CTHIPA 3 WMHTEPBane PEMOMTa RPOU3BOANTCA
pa3paua NAacTHPA A0 KPYFNOA dopmbt v npu-
watvf K creHke 06caaHon TPYDL. TO NpU 3TOM
803HMK30T7 BOALWKME KOHTaxTHHE Harpyaku
MEeXAY NNACTHPEM M MHCTPYMEHTOM ANA pad”
favM. Lna CHUXEHUR ITUX HIrpy30K Ha shyT-
PEHHII0 NOBEPXHACTL ANACTLIPA HAHOCUTCA
8T0PUUHO CMA3OUHLIA CAOW. KOTOPHA CAYXNT
KaK ANA CHAKEHVA YCUNUQ, BO3HUKIOUIMX npw
PAINAYE MAICTHIPA. TIK U ANR NPENOxXPaHEHNA
3TO NOBEPXHOCTU OT KOPPO3INOHHOrO paspy"
WweHus 8 npolecce 3kcnayaraunn.

" CoueTaHue TepMmuueckoi oGpaboren nna-
cTupen nocne rodppupcaanna u HaueceHune
CMaI0OMHOr0 CNOA HA BHYTPEHHIOW NOoBELX~
HocTe nocne Yepmudeckon obpaborum no3s0-
AR10T NOBHCHTL NAACTUMHOCTL METanns
nnacreip.  ofecneunts Gnaroaapa aromy Ha-
AEXKHOCTe FEPMETN3AUVN pemonmpye_mo:ﬁ

" CKBIKWNHGLL.

© opmyna naobperenusn

Cnocob uarotosneHua (oPPUPOB3HHOFO
CT3NLHOTO NAACTHIPA, NPEUMYLIECTBERHO ANA
PEMOKT3 OOCAKEHHONA CKBIXMHEL BKAIONAID-
i TepmoobpaboTky aaroToaku, Hanecenme
CMAOUHOD CNOA Ha BHYTPEHHIOID NOBEPXHOCTS
32r0TOBKM 11 €€ FOPPUPORaHUE. 0 TRU Y310 WK A
C § Tem. YTO, C UeNLI0 MDBHIICHAR H2AEKNOCTW
_repMeTM3aumm obcaykeHHOM CKaARVHLL GYTeMm N



BLIWEHWA MABCYUNHOCTY MEYann nanacTupo,
vepmo 6puBOTKY TOKAMU BLICONOA NaACTOTH
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OCYW{ECTRNAIDT nNocne rodpupoBanHuUg. 3 287EM
NOBTOPHO HBRHOCAY CMB304n IR CRONM.

Soteu

Wcxoamoa cocTon- Bup 06paborku
‘wne Marepuana | fo rodpuposanus| Mocne roppupo- Tepmoobpabarka | Nocne pasAa-w
AaHNS nocne rodpnposa:|
Hua (HopMannas- |
UMA) C HBTPEBOM
“TOKBMH BHCO-
. KO 43aCTOTH)
bes repmoobpa-
6ovn 1570 1750 - 2020
} C repmooBpabor- - 1966
xod. - 1350 1660
6as reproabpa-
1570 1750 1350 1750

Penaxiop H.TyHukO

Cocrasuvent M.Poroxvna

Texpen M.Mopredvan

Koppexrop W.Mycxa

' 3akas 2565

BHWUANK MNocyaapeToentono

Tupax
KoMuTETa NO

flopnucHoe

113035, Mockes, ¥-35. Paywickan wab.. 4/5

V306pPaTEHNRM 1 OTKPETVAM NPK FKHT CCCP

npousaonuaeuno—usnarenwxun 0

MEunar “Mavedt”. r. Yxropon, yn.larapuna. 101



Union of Soviet Socialist
Republics

USSR State Committee

on Inventions and Discoveries of the State
Committee on Science and Technology

[state seal]

SPECIFICATION
OF INVENTOR’S CERTIFICATE

(19) SU
G5

(11)1749267 Al

C21D9/08.B21D21/00

(21) 4875801/02
(22) October 22, 1990
(46) July 23, 1992, Bulletin No. 27

(71) Burenie All-Union Scientific-
Research and Planning Institute of Well
Casing and Drilling Muds

(72) V. P. Pankov, V. A. Yur'ev, V. G.
Nikitchenko, D. L. Popravka, M. V.
Rogozhina, and A. T. Yarysh

(56)US Patent No. 3487673, cl. 62-282

1979. ‘

G. A. Savin, Tube Drawing [in
Russian], Metallurgiya, Moscow 1982,
pp. 89-92.

_ A. K. Shurupov and M. A
Freyberg, Manufacture of Tubes with
Economical = Shapes, Metallurgizdat,
Sverdlovsk 1963, pp. 221-225.

[vértical]y along right margin]

a9SU 11749267 Al

(549) A METHOD FOR
MANUFACTURE OF CORRUGATED
STEEL PATCH

(57) Essence of the invention: heat
treatment of a patch by high-frequency
currents is performed after corrugation,
and a lubricant layer is applied again after
cooling. The proposed method, as a
result of the improvement in plastic
properties of the metal, makes it possible
to reliably provide leaktightness of the
section of the well under repair. 1 table.
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The invention relates to pressure treatment of metal, in particular to the technology for
manufacture of corrugated tubes.

The basic operations in the production process for manufacture of thin-walled
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment,
heat treatment to remove residual stresses arising as a result of deformation, and roll forming.

A method is known for manufacture of tubes with longitudinal flutes by means of a
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial
forces and in the second stage it is reduced in a shaped drawing die.

However, the residual stresses arising as a result of complex deformation do not
~ provide sufficient transverse strength, the metal becomes brittle and
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unsuitable as a patch when repairing casing downhole.

To remove residual stresses, the tubes are subjected to heat treatment (annealing in
PS0-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant.

A method is also known in which thin-walled shaped tubes are straightened out by
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated
by resistance currents up to the annealing temperature, -and then after cooling it is expanded
using a conical mandrel.

A disadvantage of the method is that, when a patch made from unannealed tubes is
. applied, failure may occur along the generatrix of the profile, and when a patch is applied
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves

and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape,

when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing.

As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the

metal in the cormgated patch.

: The aim of the invention is to improve the reliability of lea.ktlght sealing of a cased well
by increasing the plasticity of the metal in the patch.

The essence of the invention is that heat treatment by high-frequency currents is
performed after corrugation, and then a lubricant layer is applied again.

' Because the strains to which the metal of the tubes is subjected during corrugation are

of variable sign both during manufacture of the patches and during expansion in the process of

downhole placement, significant hardening of the metal occurs, where the greatest hardening

occurs in the grooves of the corrugated tubes.

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment,
corrugation, and expansion of the patch.

From the table we see that the hardness of the metal in the patch after expanding in a
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the-
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases
to almost the same value as without heat treatment. After heat treatment of corrugated tubing
with heating by high-frequency currents, their hardness decreases significantly, while after
expansion the hardness is less than for non-heat-treated tubes.

In contrast to furnace or gas heating, when a blank is treated with high-frequency
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is
formed on the surface of the tube, which does not flake off during deformation—expansion. A
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after
they have cooled. It protects the inner surface from corrosive failure during use and reduces
the axial forces during expansion of the patch.
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_ Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade
10 steel. Tube lengthis 9-11.5 m.

On the inner surface of the tube, a layer of graphite or other lubricant is applied,
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a
. special apparatus through a roller head with internal shaped mandrel. Longitudinally

corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length.

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the:
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced-
toward the induction furnace at a certain speed. : :

The tubing is cooled in air. The lubricant that was applied before corrugation is bumed

. oft.
Since when the patch is placed in the repair interval downhole, the patch is expanded
to a round shape and pressed against the wall of the casing, in this case large contact loads
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is
applied on the inner surface of the patch, which serves both to reduce the forces arising during
expansion of the patch and to protect this surface from corrosive failure during use.
, The combination of heat treatment of the patch after corrugation and application of a

lubricant layer on the inner surface after heat treatment makes it possible to increase the
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight
sealing of the repaired casing.

Claim ,

-~ A'method for manufacture of corrugated steel patch, preferably for repair of a cased
well, including heat treatment of a blank, application of a lubricant layer on the inner surface
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the
reliability of leaktight sealing of a cased well by
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents
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is carried out after corrugation and then a lubricant layer is again applied.

[table under columns 5 and 6]

Original state of the Type of treatment
material
Before After Heat treatment After
corrugation | corrugation | after corrugation | expansion
(normalizing) with
heating by high-
frequency currents
No heat treatment 1570 - 1750 — 2020
With heat treatment 1350 1660 — 1966
No heat treatment 1570 1750 1350 1750
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